Comparative in vitro study of the shear bond strength of brackets bonded with restorative and orthodontic resins Abstract: The aim of this study was to evaluate the shear bond strength of brackets bonded with different restorative systems and compare it with that afforded by an established orthodontic bonding system. Seventy human bicuspids were used, divided into ve different groups with 14 teeth each. Whereas a speci c orthodontic bonding resin (Transbond TM XT) was used in the control group, the restorative systems Charisma, Tetric Ceram, TPH Spectrum and Z100 were used in the other four groups. Seven days after bonding the brackets to the samples, shear forces were applied under pressure in a universal testing machine. The data collected was evaluated using the ANOVA test and, when a difference was identied, the Tukey test was applied. A 5% level of signi cance was adopted. The mean results of the shear bond strength tests were as follows: Group 1 (Charisma), 14.98 MPa; Group 2 (Tetric Ceram), 15.16 MPa; Group 3 (TPH), 17.70 MPa; Group 4 (Z100), 13.91 MPa; and Group 5 or control group (Transbond TM XT), 17.15 MPa. No statistically signi cant difference was found among the groups. It was concluded that all tested resins have suf cient bond strength to be recommended for bonding orthodontic brackets.
Introduction
Since the 1960s, when the rst studies on bonding techniques for bonding brackets to the tooth surface were conducted, innumerable scienti c advancements have been made to improve the techniques. 1 The procedure of acid etching of the tooth surface, proposed by Buonocore, 2 enabled an increase in the mechanical bond between the enamel surface and the resinous restorative material, which is afforded by the mechanical interlocking of the resin into the microporosities produced by the phosphoric acid etching.
The improvement in light-activated resins bene tted resins designed for both restorative dentistry and orthodontic bracket bonding. At present, there are several resinous systems on the market intended speci cally for bonding orthodontic accessories, and scienti cally proven to be effective. [3] [4] [5] [6] [7] [8] [9] However, although orthodontic adhesives have a basic formula similar to that of resin composites commonly used in clinical restorative procedures, they are more expensive and are commercially available only from suppliers dealing exclusively with orthodontic materials. For this reason, and possibly also because of their different consistency, not all professionals are familiar with their use and do not choose to use them on a regular basis.
Hence, because there composition is similar to that of resins designed for restorations, and because the latter are less costly, and have greater variety and availability, the aim of the present study was to measure and compare the shear bond strength values obtained with these two types of materials. There are a great number of adhesive systems established on the market for orthodontic use. The choice of the Transbond™ XT orthodontic adhesive system for the control group was based on the results of several studies con rming its effectiveness, and also on the fact that it is frequently used as a reference when other systems are evaluated. 5, [9] [10] [11] [12] [13] [14] [15] [16] [17] It would therefore be possible to assess whether the restorative systems tested could be considered acceptable in terms of the minimum strength requirements for satisfactory orthodontic bonding.
The aims of this study were thus to assess and compare the shear bond strength of the four restorative systems tested and determine whether they could be used for orthodontic bracket bonding, as well as to compare their bond strength values with those obtained with an orthodontic adhesive system already established on the market.
Materials and Methods
This study was approved by the Institutional Research Ethics Committee. The study sample consisted of 70 human premolar teeth obtained from a regularly constituted dental school tooth bank. The criteria for selecting the teeth were the absence of caries and the integrity of the buccal aspect of the crown onto which the brackets were to be bonded.
The teeth, divided into ve groups of 14 each, received metal Edgewise brackets (TP Orthodontics, La Porte, USA), which were bonded with different light-cured resin composites. In Groups 1 through 4, the brackets were bonded with resins originally developed for restorative procedures; in Group 5, a resin system manufactured for the speci c purpose of bonding orthodontic brackets was used, representing the control group. Before applying the different resins, the adhesive systems speci c to each resin composite were applied following each manufacturer's recommendations. Table 1 shows the composition of the resin composite and corresponding adhesive system used in All bicuspids used in this study were sectioned transversely with a multi-blade bur (SS White, Lakewood, USA) at high speed and under ample cooling with water spray, so that they could be inserted, one by one, into segments of a 3/4-inch PVC pipe (Tigre, Joinville, Brazil) that had been cut into rings measuring approximately 1 cm each. They were xed inside the pipe segments with a chemically activated acrylic resin, Orthoclass (Artigos Odontológicos Clássico Ltda, São Paulo, Brazil), and only the buccal aspect of each tooth remained exposed. They were then stored in distilled water.
Before bracket bonding, the teeth were submitted to prophylaxis with pumice stone and water for 10 seconds and then washed with water jets to remove the pumice stone paste completely. All the teeth were etched with 37% phosphoric acid (Villevie, Joinville, Brazil) for 30 seconds.
The adhesive and resinous products were manipulated in accordance with the respective manufacturers' instructions, strictly following the steps described for each material. Afterwards, the materials were applied to the bracket bases so as to cover them completely and uniformly. Each bracket was placed in the middle third of the tooth crown, centralized in the mesiodistal direction and parallel to the long axis of the crown. They were pressed down until a standardized composite thickness was obtained under the brackets to prevent bond strength variation. 18 The excess material around the bracket was removed with a dental explorer probe. A duly calibrated, visible light-curing unit that uses a halogen lamp (Optilux II) (Gnatus Equipamentos Médico-Odontológicos Ltda, Ribeirão Preto, Brazil) was activated at a 5-mm distance from the buccal surface of the crowns, in the cervical and incisal regions of each bracket for 20 seconds per region, totaling 40 seconds per bracket.
After the bonding procedure, the specimens were placed in a closed receptacle containing distilled water at room temperature for a period of seven days, for the purposes of achieving the nal bond strength obtained through the bracket bonding procedure 19 and guaranteeing complete hydration of the materials involved in the experiment. 20, 21 After this period, the specimens were submitted to shear testing, during which all the procedures were performed by the same operator in the same laboratory.
The shear test was performed by compression of a metal blade adapted to the mobile arm of a Kratos mechanical test machine, model K2000 (Kratos Equipamentos Industriais Ltda, São Paulo, Brazil) ( Figure 1 ). The blade generated pressure perpendicular to the bonding line between the bracket and the tooth. A load cell of 50 kgf was used at a speed of 0.5 mm per minute, until the device was completely displaced from the tooth surface.
The shear bond strength data of each specimen was provided by the test machine in a computerized format. To analyze the data and make a comparison among the groups, the Tukey test for multiple comparisons was applied at a level of signi cance of 5%. Table 2 shows the descriptive statistics of the 5 groups studied. Group 3 showed the highest mean strength (17.70  4.68 MPa), followed by Group 5 (17.15 3.18) . The lowest mean bond strength was obtained in Group 4 (13.91  3.88).
Results
In Graph 1, box plots depict the shear bond strength values obtained for the experimental groups. Note that Groups 1 and 2 show less dispersion, and, although Group 3 shows a higher mean, it is the one that had the highest dispersion. After applying the Shapiro-Wilk normality test and con rming the occurrence of a normal distribution (p-value: 0.9956), the Tukey multiple comparisons test was applied to identify possible signi cant differences among the groups ( Table 3 ). As shown in Table 3 , there was no signi cant difference between the groups at a level of 5%.
Discussion
According to Reynolds, 21 the minimum acceptable shear bond strength values of orthodontic appliances range between 5.8 MPa and 7.8 MPa. The results of the present study con rmed this expectation for all the resins assessed. The maximum shear bond strength value of 25.59 MPa was observed in Group 3 (TPH Spectrum), and the minimum individual values were observed in Groups 3 (TPH Spectrum) and 4 (Z100), respectively 8.02 MPa and 5.89 MPa, thus con rming that they can be safely indicated for bonding orthodontic appliances.
After the shear test was performed and the values obtained were compared with those of the control group (Transbond XT), it was found that the behavior of the groups was statistically similar and that the values obtained were always above the minimum requirements, rendering all of the resins assessed suitable for use in orthodontic bonding. The mean shear bond strength values ranged from 13.91 MPa (Group 4 -Z100) to 17.7 MPa (Group 3 -TPH), but those groups where extreme values were observed were also those with the highest dispersion of data, indicating the absence of a statistical difference between the results.
When assessing ve different adhesive systems used in Orthodontics, Souza et al. 10 11 who found a mean value of 7.33 MPa for the same resin.
Since size and form differences in the bracket base may affect the shear bond strength values obtained, 17 studies using the same brand and type of 12 used TP Orthodontics, the same used in this study, also combined with Transbond TM XT orthodontic adhesive. In Vasques' study, the mean shear bond strength value obtained for Transbond TM XT was 10.72 MPa, which is acceptable for bonding, but lower than both the 14.92 MPa found by Lugato et al. 22 and the mean found in the present study (17.15 MPa) .
Despite the wide range of studies on different aspects related to the direct bonding of orthodontic accessories, there are few studies in the literature about the use of restorative systems for bonding orthodontic accessories. 6, 9 Nonetheless, adhesive systems similar to orthodontic systems, such as ow systems, were compared with the Transbond TM XT orthodontic resin, and the results indicated no statistical differences in shear bond strength for most of the systems tested, and no increase in the bonding failure rates. 23 In a comparative study with several systems, Correr Sobrinho et al. 11 compared Z100 restorative resin with Transbond TM XT. When performing the shear test, they concluded that Transbond XT showed higher shear bond strength values (7.33 MPa) when compared with Z100 (6.16 MPa), but there were no statistical differences. Despite the difference in the intensity of values, probably because of the application of different shear testing methods, the ndings of this study also showed the same statistical similarity between Transbond TM XT resin and other restorative systems.
In another study, Correr Sobrinho et al. 6 conrmed the successful use of Z100 for orthodontic bonding. Mondelli and Freitas 9 also tested Z250, as one of the resins used in their study. Ødegaard and Segner 24 reported that, at the beginning of their research, owing to the lack of speci c light-activated adhesives for orthodontic bonding, they used restorative systems with satisfactory results. At that time, the authors already indicated the possibility of using restorative systems in orthodontic bonding, in agreement with the results of the present study.
The standard deviations found in this study varied between 2.67 and 4.68, suggesting the existence of a balance between the groups, and showing greater reliability in the standardization of the methods used. This study showed adhesive systems with mean bond strength values sometimes higher than those needed for good bonding, although the difference was not statistically signi cant. In our study, although Group 3 (TPH Spectrum) showed the highest mean bond strength (17.70 MPa), it was also the group that showed the greatest intra-group divergence in the results (8.02 MPa and 25.59 MPa). If we consider that extremely high values may create future bracket removal dif culties, and that lower values, on the other hand, may favor accidental bracket debonding, homogenous intra-group results could represent a more suitable parameter for material choice. This rationale is particularly valid for the ve resins tested in the present study, which are all adequate for use in Orthodontics in terms of shear bond strength minimum values. Suf cient and similar bond strength values among the brackets bonded with a given adhesive is thus a desirable property in orthodontic clinical practice. Although Group 1 showed the second lowest mean (14.86 MPa), it also showed the lowest dispersion of values (minimum of 10.58 MPa and maximum of 18.94 MPa). Hence, from this point of view, Group 1 represents a good choice for clinical use in Orthodontics.
It is noteworthy to mention that there are several other factors in uencing the professional's choice of bonding materials for orthodontic use, such as cost, availability, handling experience with the product, and working consistency, among others. This study assessed only one aspect of these adhesive systems (shear bond strength) in which all the groups were shown to behave in a statistically similar manner and, from a clinical point of view, were all compatible with an orthodontic application.
It is equally important to stress that to obtain proper shear bond strength values, irrespective of the material considered, the orthodontist must be careful when performing the operative technique, strictly observing the instructions and recommendations of the manufacturer of each material used.
Conclusions
Based on the method adopted in this study and in accordance with the results obtained, it was concluded that:
All four restorative systems assessed presented statistically similar shear bond strength values, all of which are compatible with the orthodontic application of accessory bonding. All four restorative systems tested showed shear bond strength values statistically compatible with the bond strength presented by an orthodontic adhesive system established on the market.
